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Electric Stimulation Versus Active Exercises in Prevention of
Muscle Atrophy Histological Study

Samir, A., Sabbahl Ph.D.P.T., and Hesham, M., Ezzat, PT.D
Basic Sciences Dep Faculty of Physical Therapy, Cairo University.

To deﬁermine the effect of electric stimulation and active exercise on prevention of muscle
atrophy in szmple physiological immobilization, this study was conducted on thirty albino rats for
one month. Thezr body weight ranged between 120-150 grams at the beginning of the study. The
rats were classy“ jed randomly into three groups of equal numbers. Control group, electrical
stimulation group and exercise group. The all rats were immobilized by a plaster cast cov ering the
whole righfilower limb keeping the ankle & hip joint are free. In electrical stimulation group
window was| opened on the front of the thigh over quadriceps mus<le 1o apply electrical stinulation.
Daily mom.‘etnc exercise for quadriceps muscle were preforined by walking or running on u
treadmill far 10 minutes. The change in muscle fiber size in each of the three groups was compared

with each other after daily treatment by electric stimulation or exercises to determine the effecr of

\
electric stimulation and exercise therapy on prevention of muscle atrophy. The results of this study

strongly Supporr that active exercise had a greater effect on prevention of muscle atrophy than
other group.,
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placebo on prevention of muscle atrophy in
simple physiological immobilization.

uscle atrophy is a common
complication  of  immobili-
zation®, The role of physical

therapy during immobilization is Design
to keep the skeletal muscles and their It was 2 x 1 pre test - post t_es[
physiological effects on blood circulation research design. Electric stimulation
around norma! level. Active exercises and and active  exercises were  the
electrical stimulation are the most important independent variables, and the muscle
therapeutic tools in any physical therapy clinic.  fiber size was the dependent variable.

These therapeutic techniques are still of need

to build up their scientific background. The Sample _
aim of this Fﬁtudy was to determine the effect of Thirty albino rats was used in ‘fhis
electric stimulation and active exercise versus experiment. Their body weight ranged between

120-150 grams at the beginning of the study.
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They were réndomly and equally grouped into
three groups.

Group 1: (Control group). Ten rats
were immobilized by a plaster cast
covering the whole right lower limb,
started above the forefoot and ended
below the hip joint, keeping the ankle
joint and| hip joint free from
immobilization. The vperiod of
immobilization continued for one

month without any treatment.

Group ‘2: (Electric stimulation group).
Ten rats were immobilized (same as in group
1), but a wir‘ldow was opened in the front of
the thigh over the quadriceps muscle to apply
daily treatment. Electrical stimulation was
given for this muscle duting immobilization
for 10 minutes for one month.

Group 3: (Active exercise group). Ten
rats were immobilized (same as in group 1).
Daily isotnetric exercises for the quadriceps
muscle were| performed by running on a
treadmill for about 10 minutes for one month.

Eguipment
1. A unit | for low-frequency electrical
stimulation| “Endomed 581. Xt has
triangular pulsed current for stimulation of
denervated muscle fibers. Point electrodes 3
mm were used for stimulation.
Specification | of the current used in the
study
. Current  type: Triangular pulsed

current.
. Phase duration: 0.02 ms.
. PhasF interval: 2000 ms.
. Maximum amplitude: 15-20 M.
. Time: 10 minutes.
. Frequency of treatment: Daily for

one momh.
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2. A locally designed treadmill. A modified
treadmill has a powerful motor with a
different speed control, which ensures a
stable, precise and silent performance.
Specifications (height: 10 cm, inclination:
0-25%,  velocity: 0.1-5 kmyh, belt
dimensionis: 17 x 30 em, maximum load: 17
kg).

Procedures

All rats in the experimental group
received daily treatment either of electric
stimulation for group (2), oractive exercises
on treadmill for group (3). Every rat received
10 minutes of treatment daily for one month.
Active electrode was put on the motor point of
the quadriceps muscle through the designed
window in the cast, the other electrode was pul
on the femoral nerve over the groin inserted in
a direct contact with slight pressure on the
motor point of the right quadriceps muscle
through the window found in the plaster casl.
At the end of the experiment, the animals were
sacrificed with an overdose of ether and the
quadriceps muscles were dissected out for
histological zxamination. Preparation of
tissues was done by using (Jeffe) method..
Histological examination were subjected to the
morphometric  study  “the  quantitative
description of a structure”® Measurement ol
the muscle fiber diameter was made by ineans
of a micrometer disc that was placed in the
ocular disc of the microscope®. The disc is
usually caliberated as a line divided into 100
units.  This  calibration is done for
standardization of the measurements taken by
the ocular micrometer. All the results were
tabulated and the mean number of the
maximum muscle fiber diameters was
calculated.
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The difference in size of muscle
fiber between the immobilized and the
non-immobilized limb in control,
electric stimulation and exercise groups
was calculated to detect the percentage
of muscular atrophy in the right
immobilized limb in relation to the left
non-immobilized one. The change in
muscle fiber size in each of the three
groups were compared to determine the

effect of electric stimulation and
exercise therapy on prevention of
muscle atrophy in physiological
immobilization

Group 1 (Control):

Inspection of table 1 reveals that number
of survived and investigated animals were
seven. The MMFD in the right immobilized
limb ranged between 11.83 and 18.08p with a
mean value of 14.62+2.1p and SE was 0.24.
The MMFD in the left non-immobilized limb
ranged between 16.67 and 26.75 u with a mean
value of 21.28 + 3.45 u and SE was 0.33. The
difference in MMFD between the right and left
side ranged between 4.84 and 8.67 with a
mean value of 6.66 * 2.50u and SE was 0.17

(Table 1). The percentage of| atrophy in this
group ranged between 15.38 and 42.27% with
a mean value of 30.71+8.42 and SE was 0.51.
The decrease in muscle ﬁEer size due to
muscular atrophy in the ‘rlght side was
statistically significant as t‘ 19.54 and
P<0.00001. ‘

Table (1): Maximum fiber t‘i’iameter of the
quadriceps in control group

Animal Right | Left Differ. | %
No.
1 15 22.42 7.42 33.09
2 13.75 18.75 5.0 26.67
3 18.08 26.75 5.67 32.40
4 16.5 19.5 3.0 15.38
5 14 24.25 10.25 4227
(4] 13.19 20.67 748 36.18
7 11.83 16.67 4.48 29.02
Mean 14.62 21.28 6.66 3071
SD 2.10 3.45 2.50 342
SE 024 0.33 0.17 051
P<0.0000 t=19054

Microscopic examination: | by a photo-
micrograph of a Transverse Section (TS)
showed greatest decrease in muscle fiber size
in the right iinmobilized limb compared with
the left non-immobilized side in the control
group (Fig. la and 1b). Fig.la shows normal
muscle fibers with peripheral nuclei, and fig.
b shows atrophied musele fibers with
peripheral nuclei in control group (H & E x
200)

Figure 1a : Normal muscle fiber.
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Group 2 (El | trical stimulation):

The number of aniinals who had been
survived and‘ investigated in this group were
six rats. As shown in table 2 MMFD in the
right (immci;bilized) limb ranged between
18.17 - 24.25 p with a mean value of 21.98 =
2.32 p and SE 0.42. MMFD in the left (non-
immobilized)| ranged between 22.0-28.0p with
a mean value of 26.93 + 2.69u and SE 0.40.
The difference in MMFD is 2.17 - 9.17 u with
a mean value of 4.94 £ 2.42 and SE 0.18. The
percentage of atrophy ranged between 8.36% -
31.16% with a mean value of 18.08 + 7.67 and
SE 0.61.The| decrease in muscle fiber size due
to muscular| atrophy in the right side was
statistically highly significant as t=9.28 and
P<0.00001 (Table 2).
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Figure 1b : Atrophied muscle fiber.

Table (2): Maximum muscle fibdiameter of the
quadriceps muscle in electricstimulation group.

Animal Right | Left Differ. | %
No.
1 23.75 25.92 2.17 8.36
2 22.67 27.5 4383 17.42
3 18.17 22.00 3.83 31.16
4 20.25 29.42 9.17 13.39
5 24.25 28.00 3.75 20.58
6 22.83 28.75 592 18.08
Mean 21.98 26.93 4.94 7.67
SD 2.32 2.69 242 7.67
SE 0.42 0.40 0.18 0.61
Microscopic examination: by a

photomicrograph of a Transverse Section (TS)
showed a great decrease in muscie fiber size in
the right immobilized limb compared with the
left non-immobilized side in the electric
stimulation group (Figure 2a and 2b). Fig. 2a
shows normal muscle fibers with peripheral
nuclei, while fig. 2a shows atrophied muscle
fibersiwith peripheral nuciei (H and E x 200).
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Group 3 (active exercises):

The number of animals who had been
survived were five rats. As shown in table 3
MMEFD  in the right (immobilized) limb ranged
between 18.05 - 23.56p with a mean value of
20.81 +2.07u and SE 0.35. MMFD in the left
(non-immobilized) ranged between 21.25 -
24.00p with a mean value of 22.89 £ 1.18p
and SE 0.34. The difference in MMFD is 0.44
- 3.19u with a mean value of 2.07 + 1.15 and
SE 0.08. The vercentage of atrophy ranged
between 8.82% - 15.00% with a mean value of
9.21 +5.28 and SE 0.69. The least decrease in
muscle |fiber size due to muscular atrophy in
the ri gh‘Lt side was statistically significant as t =
4.19 and P<0.00001 (Table 3).
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Table (3): Maximum muscle fiber diameter of the
quadriceps muscle of the right immobilized limb
and left non immobilized limb.

Animal Right | Left Differ. | %
No.

1 19.81 22.06 2.25 10.20
2 18.06 2125 3.19 15.00
3 20.75 23.81 3.06 12.86
4 2.07 24.00 044 1.82
5 ~2.80 23.31 1.44 6.17
Mean 20.81 22.89 2.07 921
SD 2.07 1.18 1.15 5.28
SE 0.35 0.34 0.08 0.69

Microscopic examination: showed by a
photomicrograph of a TS greatest decrease in
muscle fiber size in the right immobilized limb
compared with the left non-immobilized side
in the three groups (Figure 3a and 3b).

Fig. 3a and 3b A photomicrograph of a TS of
the normal muscle fiber size (left side), and
immobilized muscle fiber size showing
atrophied muscle fibers with peripheral nuclei
in exercise group (H &E x 200).

Figure 3a : Atrophied muscle fiber.
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Figure 3b

Muscle Fiber Response to Immobilization
The most obvious muscle’s sign of
immobilization is atrophy. Weible'” reported
that the magnitude of atrophy is different in
fast and slow muscle fiber of the dog
quadriceps muscle in response to 10 weeks.
Immobilization may cause proliferation of
endomysial and perimysial connective tissue
relative to control legs, with a significantly
greater increase in the immobilized vastus
medialis and lateralis muscles compared to
rectus femoris muscles.

Thomason et al.'” showed that very soon after
hindlimb unloading, soleus muscles decreased
their protein synthetic rate by about 50%, and
this rate remained relatively constant up to
unloading 7 days.

Babij & Booth® concluded that while hindlimb
unloading resulted in down-regulation of both
transcription and translation, the dramatic
synthesis rate decrease was primarily due to
the down-regulation of translation. Booth and

Thomason'” reported that the more RNA in the
muscle cell, such that o i- actin RNA
concentration does not limit the synthetic rate.
They reported also that regulakion does occur

at many different levels within the cell.

\
Effect of Exercise on Muscle Fiber Size

Hypertrophy, as the net result of active
exercise, is documented by different research
studies. Baldwin et al., and Roy et al.,*"* who
performed a series of experinTents to define
muscle and muscle fiber | responses to
compensatory hypertrophy. The‘y indicated that
the muscle grew proportional| to the muscle
cross-section or increase in | protein. The
mechanistn =~ of muscle hypertrophy is
illustrated by Moritani and Devries®. They
that this physiological hyper{trophy may be
attributed to increased in the amount of protein
in muscle fiber and anincreas‘:e in the density
of the capillary bed. Signjﬁc‘ant reduction of
calcium transport activity of the overloaded

muscle is indicated also by theTm. The relation
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